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Abstract 

We discuss the determination of the CKM parameters from the forth- 
coming CP violation observables in B s — > K + K~ decays. Combining the 
information on mixing induced CP violation in B s — > K + K~ , with the 
Bd — > J/ipK s precision observable sin 2/3 and the B®-B® mixing phase <f> s , 
we propose a determination of the unitarity triangle (p,fj)- Computing 
the penguin parameters (r, 6) within QCD factorization yield precise de- 
termination of (p,fj), reflected by a weak dependence on the 6 which is 
shown as a second order effect. The impact of the direct CP violation 
observable Ckk on the penguin parameters are investigated and a lower 
bound on Ckk is extracted. We also discuss the effect of the B®-B® new 
physics mixing phase on the penguin parameters (r, 0) and Skk- Using 
the SU (3)-flavour symmetry argument and the current £>-factories data 
provided by the B^ — > ■n + TT~ modes, we complement the B s — > K + K~ 
CP-violating observables in a variety of ways, in particular we find that 
Skk > 0. Finally we analyze systematically the 5C/(3)-symmetry breaking 
factor within QCD factorization. 



PACS numbers: 11.30.Er, 12.15.Hh, 13.25.Hw 



1 Introduction 



The two body non-leptonic transitions have played a very important role in ex- 
ploring the CP violation through B- meson decays and in shaping both the sides 
and the three angles a, f3 and 7 of the Unitarity Triangle (UT) of the Cabibbo- 
Kobayashi-Maskawa (CKM) matrix [1,2] (for a detailed review, see [3]). In the 
Wolfenstein parametrization [4] of the CKM matrix, characterized by the param- 
eters A, A, p and 77, the three inner angles of the UT are defined as: 

sin(2a) - + $ 



r,2\ 



(p 2 + ?f)((i-p) 2 + ?r 

where p — p(l — A 2 /2) and fj = 77(1 — A 2 /2) are the perturbatively improved 
Wolfenstein parameters [5]. Thanks to the precise measurements at the current 
5-factories, BABAR (SLAC) and Belle (KEK), CP violation could recently be 
established with the help of the "gold-plated" mode B d — > J/ipK s [6,7], leading 
to a precise measurement of sin 2/3, where the current world average yields [8] 

sin 2(3 = 0.739 ±0.048. (2) 

In contrast to the well measured CKM angle /3, the other two angles a and 
7 are poorly known at present and their determinations is more challenging [9]. 
Happily, the current thrust of the _B-factories is now on the extractions of the 
other two angles, which will be measured through the CP violation in the charm- 
less B decays, such as Bd — > tttt and similar modes [10]. However, in this case 
the extraction of weak phases is complicated by the so-called penguin pollution, 
leading to a hadronic model dependent estimate of the CP asymmetries in these 
modes. An alternative approach to this problem is the use of symmetry argu- 
ments [11-21], such as the isospin or the S'?7(3)-symmetry, however this is very 
challenging from an experimental point of view. 

In this paper we analyze the extraction of CKM parameters from the time- 
dependent CP violation, both mixing-induced (S) and direct (C), in B s — > 
K + K~ decay, which is related to Bd — > it + it~ by interchanging all down and 
strange quarks, i.e. through the ?7-spin subgroup of the S'?7(3)-flavour-symmetry 
of strong interactions. To some extent theoretical input on the penguin-to-tree 
ratio will be needed and can be provided by the QCD factorization approach [22]. 
However, we will show that the impact of uncertainties, especially those arising 
from the penguin phase, in the calculation is in fact negligeable. Moreover, even 
if the model-dependent assumptions on the penguin parameters are ignored, it is 
still possible to get useful informations on these parameters using CP violation 
observables and the B° s — B® mixing phase. Another possibility is the use of 
the current Bd — > 7r + 7r~ experimental measurements via the £/-spin symmetry 
in order to explore the future impact of the B s — > K + K~ on the extraction of 
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CKM parameters. Although this strategy is not affected by any hadronic as- 
sumptions, its theoretical accuracy is limited by [/-spin-breaking corrections. In 
order to make uses of these methods, dedicated B physics experiments at hadron 
colliders, Tevatron and LHC, will provide the adequate testing places for such 
decays. 

To make our analysis more transparent we propose the following strategy. 
After isolating systematically the hadronic quantities, namely the pure penguin 
amplitude r and the strong phase 9, from CKM parameters in the penguin-to-tree- 
ratio amplitude, we express the time-dependent CP asymmetries in B s — > K + K~ 
in terms of Wolfenstein parameters (p,fj), hadronic quantities (r, 9) and the 
Bg — B® mixing phase <p s . Combining them with the precise measurement of 
the "gold-plated" B d — > J/tpK s observable sin 2(3, useful informations on the 
unitarity triangle, (p,fj), and penguin parameters could be extracted. To make 
our investigation more predictive, we use the current 5-factories measurements 
on Bd — > 7r + 7r~ modes to extrapolate the forthcoming physics potential of the 
B s — > K + K~ systems at future hadron machines. To illustrate this scenario, we 
have supplied from QCD Sum Rules the corresponding SU (3)-symmetry-breaking 
factor. To reinforce the validity of this approximation, we have tested systemat- 
ically the SU (3)-breaking effects within the QCD factorization framework. 

The utility of B s — > K + K~ to probe CKM phases was already the subject of 
extensive works [23-32], where various strategies have been carried out in order 
to constrain theoretical uncertainties. Our new strategy proposed here consists 
of isolating the penguin quantities r and 9 from the CKM parameters in order 
to explore in a clean way the potential information of CP violation observables, 
namely Skk and Ckk, combined with sin 2/? and the B® — B® mixing phase S 
in the determination of the UT. 

The outline of this paper is as follows. In Sec. 2, a completely general pa- 
rameterization of the CP violation observables in B s — > K + K~ is collected, in 
terms of pure hadronic quantities (r, 9) and the CKM parameters. Using the 
QCD factorization framework, we discuss the estimate of B s — > K + K~ penguin 
parameters in Sec. 3. In Sec. 4, we explore the determination of the UT, from 
both the mixing-induced and direct CP violation parameters, sin 2/3 and the 
Bg — B® mixing phase <p s . The implications for the allowed contours in the r-9 
planes fixed through the CP-violating observables are as well discussed. This 
alternative possibility is useful if new physics (NP) affects the B° s — B® mixing 
phase. Sec. 5 explores the implications of the current B& — > 7r + 7r~ 5-factories 
measurements in extrapolating the physics potential of the B s — > K + K~ decays 
at future hadron colliders, using the 5?7(3)-flavour-symmetry. This strategy is 
only affected by the S'?7(3)-symmetry-breaking corrections. An estimate of these 
effects is investigated in more detail within the QCD factorization framework. 
Finally, we summarize our results in Sec. 6. 
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2 Basic Formulas 



The time-dependent CP asymmetry in B s — > K + K decays is defined by 
^ ^ B(B.(t)-+K+K-)-B(B.(t)-+K+K-) 



where: 



with 



B(B 8 (t) -> K+K-) + B(B s (t) -> 
— S 1 sin(AniB s t) + C cos(Ams s t), (3) 

s- 2I < c- 1 -!^! 2 m 

« e+^ + P/T lJ 

defines the hadronic contribution in our decay mode. The phase <p s = — 2#7 = 
2 arg(V^*Vtf,) denotes the 5° — B® mixing phase. Within the Standard Model 
(SM), we have 2#7 ~ 0.03 due to a Cabibbo suppression of O (A 2 ), implying that 
(f) s is very small*, which could be extracted using the B s — > J/ip4> mode [33]. 
In terms of the Wolfenstein parameters p and fj the CKM phase factors read 

e»r = P±M . (6) 
VP 2 + V 2 

On the other hand, the penguin-to-tree ratio P/T, defined in (jSJ), can be written 

as 

- = _ e (7) 

^ £a/p 2 + rf 

where e = A 2 / (1 — A 2 ) and A = 0.22 is the Cabibbo angle. The real parameters r 
and 9 defined in this way are pure strong interaction quantities without further 
dependence on CKM variables. 

For any given values of r and 9 a measurement of S defines a curve in the (p, 
f/)-plane. Using the relations above this constraint is given by the equation 

g 2fj(p — f cos 9) cos0 s + {f 2 + p 2 — ff — 2rpcos9) sin0 s 

r 2 + p 2 + ff — 2rp cos 9 

where f = r/e and similarly the relation between C and (p, 77) reads 

2h? sing 
r z + p z + ?7 Z — 2rp cos 9 

If there were no penguin amplitude (f = 0), then £ would be given by the 
pure phase — S — 27. In that case, C would vanish and S would provide a clear 
determination of the phase 7. However, the presence of the penguin amplitude 
spoils this determination. 

*Needless to note, a large measurement of Sj much larger than the SM expectation of 0(0.03) 
would be a strong indication for NP contributions to B® — mixing. 
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3 Theoretical Framework 



In this section we discuss theoretical calculations of the penguin contribution in 
B s — > K + K~ . At the quark level, the charmless hadronic decay b — > sdd can be 
described in terms of the effective weak Hamiltonian, obtained by integrating out 
the top quark and W ± bosons: 

W «// = %Z) A;(c 1 g? + c 2 g^+ J2 QqA +h.c. (10) 

V ^ p=u,c \ i=3,. ..,10,77,8g / 

where Q\ 2 are the left-handed current-current operators arising from W ± bosons 
exchange, (53,.. .,6 and (37,. ..,10 are QCD and electroweak penguin operators, and 
Q 7l and Q 8g are the electromagnetic and chromomagnetic dipole operators. They 
are given by 



Qi = (pb)v~A(sp)v- A , 

Q3 = (sb) V -A^2q(qq)v-A, 

Q5 = (sb)v^ A ^2 q (qq) v+A , 

Qi = (sb)v^ A ^2 q ^e q (qq) v+A , 

Q 9 = (sb) V - A ^q\e q {qq) V - A , 

Q 7l = ^m b ^(1 + 75 )F^6, 



QI = (Pibj) V -A(SjPi)v-A , (11) 

Q% = {Sibj)v-A (yj1i)v+A , 

Qs = (Sibj)v-A ^qiwdv+A , 

QlO = {Sibj)v-A ^ e q(QjQi)v-A , 
Qs 9 = ^rn b sa^(l + 1 ,)G^b, 



where (q~iq2)v±A = 917^(1^75)92, h j are colour indices, e q are the electric charges 
of the quarks in units of |e|, and a summation over q = u,d, s, c, b is implied. The 
definition of the dipole operators Q 7l and Q$ g corresponds to the sign convention 
iD^ = id^ + g s A£t a for the gauge- covariant derivative. The Wilson coefficients 
are calculated at a high scale /i ~ Mw and evolved down to a characteristic scale 
fi ~ m,b using next-to- leading order renormalizat ion-group equations [34]. The 
CKM factors are here denoted by = V* s V p b. 

3.1 QCD Factorization 

When the QCD factorization approach [22] is applied to the charmless decays 
B s — > K + K~, the hadronic matrix elements of the effective weak Hamiltonian 
can be written in the form: 

( K + K-\H eff \B s ) oc ^ K( a "( K + K-\Q t \B s ) nf + f Bs f K b\ (12) 

v p=u,c ^ ' 

The above ( K + K~\Qi\B s ) n f are the factorized hadronic matrix elements, which 
have the same definitions as those in the naive factorization (NF) approach [35]. 
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m c 






< 2 




(P, 


r = 
0.11 


±0.006 


±0.02 


±0.002 


±0.002 


±0.002 


±0.005 


±0.002 


±0.001 
[±0.03] 


6 = 
0.13 


±0.03 


±0.003 


±0.06 


±0.002 


±0.002 


±0.02 


±0.002 


±0.01 
[±0.30] 



Table 1: Theoretical values for r and 9 and their uncertainties from various 
sources within QCD factorization. 

The "nonfactorizable" effects are included in the process dependent coefficients 
a, which include the 0(a s ) corrections from hard gluon exchanges in the weak 
matrix elements, namely the vertex corrections and the hard spectator scatter- 
ing. A new class of power corrections that need to be considered here are the 
uncalculable weak annihilation contributions b{ in ([12)1. which are parametrized 
as phenomenological quantities within the QCDF approach [22]. Explicit expres- 
sions for the QCD coefficients a« and the weak annihilation parameters hi can be 
found in [22]. 

Neglecting the very small effects from electroweak penguin contributions in 
(J12J) , one can express the penguin parameter r e td in the form [22] 

< + r«a c e + r A [b 3 + 2h] 
a 1 + at + rfa^ + r A [b 1 + b 3 + 2b i y 1 ' 

where the quantities r£ and r A are defined by 

r K ( u ) = rA = IbJk (u) 



r£ is defined in terms of the MS quark masses and depends on the renor- 

malization scale /x. F^^ K (0) is a B — > K transition form factor, evaluated at 
momentum transfer q 2 = 0. 

Both quantities in (fTlj) are formally of order AqcD/ m b in the heavy-quark 
limit. However, whereas r A rs 0.003 is indeed very small, r^(1.5GeV) ~ 0.8 
is numerically large. Consequently weak annihilation effects are KQco/^b sup- 
pressed and penguin contributions (including the uncalculable hard spectator 
terms) Oq~ u,c enhanced. Thus, an estimate of these "chirally-enhanced" correc- 
tions is necessary in exploring the phenomenology of nonleptonic B decays. 

3.2 Numerical Analysis 

As seen in Table ^a theoretical estimate of the penguin parameters r and 9, from 
a calculation within the QCDF framework, is presented. We also investigate the 
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m s (2GeV) 


m c (m b ) 


Jb s 


F ^(0) 


(a 1 ,a 2 ) K 




110 ±25 


1.3 ±0.2 


230 ± 30 


0.34 ±0.05 


(0.2 ±0.2, 0.1 ±0.3) 


350 ± 150 



Table 2: Input used for Tabled We take fi G [m&/2, 2ra&]. The values for 
m c (mb) are in GeV, whereas m S! /b s and Xb 3 are in MeV. 

sensitivity of our results on various sources of input parameters, presented in 
Table El It turns out that two classes of uncertainties are found 

• The first one reflects, namely from the 2-8 columns, the uncertainties from 
input into the factorization formulas at next-to-leading order, as well as the 
sensitivity to the renormalization scale fi. 

• The second class of uncertainties is due to the model estimates employed for 
power corrections to hard spectator scattering (H) and weak annihilation 
effects (A), parameterized by phenomenological quantities [22] 

X HA =(l+p HA e i ^)\n^, (15) 

where pu,A = ± 1, 4>h,a G [0,7r] and the infra-red cut-off parameter = 
0.5 GeV. The impact on r and 9 of this second class of uncertainties is seen 
to be completely dominated by the annihilation contributions, in the last 
column in Tabled 

Adding the errors in quadrature we find 

r = 0.11 ±0.022 ±0.032, (16) 
9 = 0.13 ±0.065 ±0.299, (17) 

where the first (second) errors are from the first (second) class of uncertainties. 
Combining both in quadrature we finally arrive at 

r = 0.11 ±0.04, = 0.13 ±0.31, (18) 

which we take as our reference predictions for r and 9 in QCD factorization. 

4 Exploring the UT with B s — > K + K~ modes 
4.1 Determining p and fj 

In this section we discuss the determination of the unitariy triangle by combin- 
ing the information from S with the value of sin 2/3, which is known with high 
precision from CP violation measurements in B —>■ J/^/Ks and the B° s —B® mix- 
ing phase <p s . As we shall see, this method allows for a particularly transparent 



6 



s 


-0.8 


-0.6 


-0.4 


-0.2 


0.2 


0.4 


0.6 


0.8 


fj 


-0.3 


-0.24 


-0.18 


-0.10 


0.16 


0.50 


1.17 


-4.89 


Afj 


-0.04 


-0.02 


-0.01 


-0.005 


0.005 


0.007 


-0.0002 


0.012 



Table 3: The corresponding values of r/ and Ar] respectively given in the ex- 
pressions p^[ ) and H3J) as a function of S for fixed (r,9) = (0.11,0.13). 

analysis of the various uncertainties. Both p and fj can be obtained, which fixes 
the unitarity triangle. A comparison with other determinations then provides us 
with a test of the Standard Model. 

The angle (3 of the unitarity triangle is given by 

sin 2(3 . . 

T = cotd = , H 19 

1- v 7 !- sin 2 2/3 

Using the current world average of sin 2(3 (J2J), implies 

r = 2.26 ±0.22. (20) 

Given a value of r, p is related to fj by 

p=\-rfj. (21) 

The parameter p may thus be eliminated from S in (|S|). which can be solved for 
fj to yield 

( — 1 + f cos6>) (^cos 4> s — r (S + sin0 s )j — \fE 
^ S + St 2 — 2t cos 0s + (— 1 + t 2 ) sin0 s ' ^ 

where : 

S = (1 — f cos6>) 2 ^cos0 s — r (S + sin0 s )j (23) 
;i + f 2 - 2 f cos 9) (S + sin S ) (5 + 5 r 2 - 2 r cos S + (-1 + r 2 ) sin 0, 

So far, no approximations have been made and the two expressions in (|21j) 
and (|22j) are still completely general. Once the theoretical penguin parameters 
r and 9 are provided, a straightforward determination of the CKM parameters 
fj and p are obtained from the two observables r (or sin 2(3) and S. It is at this 
point that some theoretical input is necessary. We will now consider the impact 
of the parameters r and 9, and of their uncertainties, on the analysis. We first 
would like to point out that the sensitivity of fj in (J22J) on the strong phase 9 is 



7 



-0.75 -0.5 -0.25 0.25 0.5 0.75 

S 



Figure 1: CKM phase fj as a function of the mixing-induced CP asymmetry S in 
B s — > K + K~ within the SM for <p s = —0.03. The dark (light) band reflects the 
theoretical uncertainty in the penguin phase 9 = 0.13 ± 0.31 (penguin amplitude 
r = 0.11 ±0.04;. 



rather mild. In fact, the dependence on 9 enters in (|22|) only at second order. 
Expanding in 9 we obtain to lowest order''" 



This result is corrected at second order in 9 through 

. , o -l+S 2 + f(l-Sr) 2 \ fe 2 
A "-'- 1+ST+ (-l + rWl-ffl ) 2( S -2r + S Tiy ^ 

which is very attractive and consistent with the heavy-quark limit, where the 
strong phase is formally either a s - or A<2CT>/mf,-suppressed. Due to the difficulty 
in estimating the strong phase, the expression in (|23j) permits a reasonable ex- 
traction of the CKM parameter fj, using a quantitative knowledge on the strong 
phase, as long it is of moderate size. Since the penguin parameter r is also 
small O(0.1), the second order effect from 9 in (J25j) is even further reduced. To 
sketch its effect, we have illustrated in Table EH the impact of a variation of S for 
(r,9) = (0.11,0.13) on the lowest order term fj and its second order correction 
At/. 

As an example, for S = 0.3 and for typical values r pa 0.1 this implies that 
\Afj\ < 0.015 for 9 up to 10° and \Afj\ < 0.11 for relaxing the strong phase up to 
30°, which is already a significant value. Consequently, the simple expression in 

^For simplicity, we have used <f> s = 0, which is a good approximation in the SM, in deriving 
Eqs. (23 and {25 . 
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([24)1 is most likely a good approximation to the exact one, requiring just minimal 
informations on the two CP violating observables S and r in order to extract fj. 

The determination of fj as a function of S is shown in Fig. Q which dis- 
plays the theoretical uncertainty from the penguin parameters r and 9 in QCD 
factorization. We note that QCD factorization prefers positive values of S. Fur- 
thermore, the sensitivity to the strong phase 9 is less pronounced than for the 
penguin amplitude r, in extracting fj. 

In the determination of fj and p described here discrete ambiguities do in 
principle arise. One source is the well-known ambiguity in relating sin 2(3 to a 
value of (3 (or r = cot (3). Apart from the solution shown in a second solution 
exists with the sign of the square root reversed. It corresponds to a larger value of 
/3, incompatible with the standard fit of the UT. An additional ambiguity comes 
from the second solution for fj, which is the result given in (|22|) with a positive 
sign in front of the square root. This case may be considered separately, but will 
usually also yield solutions in conflict with other information on the CKM phases. 



4.2 The Indirect CP Violation 

In this section, we discuss the implications of the mixing- induced CP violation, 
namely S, in the determination of the theoretical informations about the hadronic 
parameters r and 9. 

Using ()2ip. one can write (JBJ) in the form 

-1 + fjr + f cos 9 _ , 

^ } lyi QQg (f) 

f- 2 + 1 -2fjr + fj 2 (l + r 2 ) + 2f-(-l + fjr) cos9 1 rs 

f 2 + 1 - 2f\T + ff (-1 + t 2 ) + 2f (-1 + fjr) cos6> , . . 

sm(j) s . (26) 



r 2 + 1 - 2r]T + rf (1 + r 2 ) + 2r (-1 + fjr) cos 9 

In Fig. |21 we illustrate the region in the (r — 9) plane that can be constrained 
by the measurement of S and the B° s -B® mixing phase (j) s . Within the SM this 
illustrates the correlation between the hadronic penguin parameters (r, 9) and the 
mixing induced CP violation in B s — > K + K~ decays, as shown in the middle-plot 
of Fig. 121 In the SM, the mixing phase <p s is expected to be very small and hence 
any significant deviation from this correlation would be a striking signal of NP, 
entering through the modified B° s -B® mixing phase [36]. 

As an example, we have sketched in the left(right)-plot in Fig. [2] the scenario 
where cj) s = 20° (—20°), reflecting unambiguously the SM deviation. This means 
that, looking at Fig. |21 it is possible to distinguish between the SM picture 
(the middle-plot) and some NP scenarios (the left- and right-one), which are 
contributing to the B®-B® mixing* with some non-negligeable mixing phases. In 
this case, physics beyond the SM may also affect the B s — > J/ ip(p decay amplitudes 
and compete with the SM tree-level amplitudes, however their relative impact 
is expected to be much smaller. On the other hand, NP signal in the B° s -B® 

■^Which is a loop-induced fourth order weak interaction process in the SM. 
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Figure 2: Impact of a variation of S within [-0.9,0,9] for (p,rj) = (0.20,0.35) and 
cj) s on the allowed ranges in the (r — 9) plane. These figures correspond from left 
to right, to S = -0.9, -0.6, -0.3, 0, 0.3 and 0.6 for the case <p s = +tc/9, to S = 
-0.6, -0.3, 0, 0.3 and 0.6 for both cases <p s = -0.03 and <p s = -tt/9. 



mixing would be provided by a sizeable contributions either from the angular 
distributions analysis of B s — > J/ip(fi and B s — ► D* + D*~ decays or from the CP- 
violating asymmetries in B s — > J/ij)rf •* and B s — > D+D~ systems. An alternative 
discussion on this issue can be found in [37,38]. 

Since the S is very small in the SM, S is well approximated by: 

s = 2 f] {-1 + f]T + r cosO) 

1 + f 2 + fj (fj — 2 r + fj t 2 ) + 2 f (— 1 + fj t) cos 6 

Taking [39] 

r = 2.26 ±0.22, fj = 0.35 ± 0.04, (28) 
and our penguin parameters results in (|18|) . we find from (J26|) that 

S = +0.35 ^(r) ±S;gg(^) Sg(r) =S5S W- (29) 

We note that the uncertainty from the r or sin 2(3, which reflects the current 
experimental accuracy in this quantity, is negligible (~ 3%) and the uncertainty 
from fj , which for the purpose of predicting S has here been taken from a standard 
CKM fit, is rather moderate (~ 7%). 

The error from the hadronic phase 9 is considerably larger (~ 10%). However, 
the dominant uncertainty, is due to the penguin parameter r (up to ~ 50%). The 
theoretical prediction in (J29|) shows that the SM prefers positive values for S, but 
it is difficult to obtain an accurate prediction. 



4.3 The Direct CP Violation 

Whereas so far in this section, we have focused on the implications of the mixing- 
induced CP violation observable S, we now investigate how useful additional 



10 



0.05 0.1 0.15 0.2 0.25 0.3 

r 



Figure 3: Contour of constant C in the (r, 9)-plane for fixed (p, if) = (0.20, 0.35). 
These contours correspond from right to left, to C =-0.1,-0.2,-0.3,-0.4,-0.5, -0.6,- 
0.7,-0.8 and -0.9. 

information can be extracted from a measurement of the direct CP violation 
parameter C. 

The observable C (given in Eq. @) is independent on the B° s — mixing 
phase 4> s , contrary to the indirect CP violation observable S, reflecting an in- 
sensitivity to NP contributions which could affect the B° s — B® mixing. Since 
C is an odd function of 9, it is therefore sufficient to restrict the discussion to 
positive values of 9, as shown in Fig. 01 A positive phase 9 is obtained by the 
perturbative estimate in QCD factorization, neglecting soft phases with power 
suppression. For positive 9 the observable C will be negative, assuming fj > 0, 
and a sign change in 9 will simply flip the sign of C. Needless to note, in Fig. 0] 
no approximation has been made§, which shows a model-independent correlation 
between the penguin parameters, r and 9, for different values for C and any de- 
viations from these predictions should be understood more as a strong indication 
of an uncontrolled non-perturbative contributions than a NP signal. 

In contrast to Bd — > tt + tt~ modes, the hadronic quantities r and 9 are less 
pronounced for the direct CP violation in B s — ► K + K~ than for the former 
ones [40]. In the SM for fixed (p, fj) = (0.20,0.35), a model-independent corre- 
lation between C and the hadronic parameters (r, 9) implies r max w 0.34 (or 
?max ~ 7) for C = —0.1 and 9 = iz/2. Since C is an odd function of 9, C = 0.1 
and 9 = —n/2 implies as well r max . In B^ — > 7i + tt~ decays, this would imply^ 

§the only input parameters are (p, fj) = (0.20,0.35), fixed through the actual CKM Fit [39]. 
^The model-independent correlation between CVtt and the hadronic parameters (r, 9)^^ = 
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r 'max = 1 for Cmr < 0.8 independently of 9 [40]. 

As it has been shown in [40] for E>d — ■> 7r + 7r _ cases, a bound on the i? s — > 
K + K~ direct CP violation parameter C as well exists. This is straightforwardly 
obtained by minimizing C with respect to the weak phase 7. Hence, we get: 

Cmax ~ V(l + z 2 ) 2 -4F cos 2 0' (30) 
where the maximum occurs at COS7 = 2z cos 9/(1 + z 2 ), with 



r 

i?6 



i? 6 = v/p2 +r? 2. (31) 



Contrary to B& — > 7r + 7r~ modes where z(= |i 3 /T'[ 7r7r ) < 1, the 5 S — > K + K~ decay 
prefers the z > 1 scenario. Intuitively this could be understood by the fact that 
z (or \P/T\) is a doubly Cabibbo-enhanced term. Then, If z = 1, or equivalently 
f = Rb, then C max = —1 independent of 9, and no useful upper bound is obtained. 
On the other hand, if z > 1, then C max is maximized for 6 = ir/2. Under the 
general assumptions stated above and without any assumption on the strong 
phase 9 we thus find the general bound 

C > -j^- 2 . (32) 
1 + z z 

For the conservative bound r w 0.15 , z w 7.69 this implies C > —0.26, which is 
already a strong constraint on this parameter. The bound on C can be strength- 
ened by using information on 9, as well as on z, and employing (JHUj) . Then 
5 w 7.69 and < 45° (30°) gives C > -0.18 (-0.13). 



5 The -St/ (3)-flavour-symmetry breaking in B s —> 

K + K~ vs. Bd —> tt + 7t~ decay 

The analyses described above concern the impact of the CP- violating observables 
in the B s — > K + K~ system, combined with the precise measurement of sin 2/3, 
in the extraction of the CKM parameters p and fj. 

However a precise estimate of the CKM parameters, require theoretical in- 
put on the penguin parameter (r,9). The first possibility could be based on the 
QCD factorization estimate of this parameters assuming the control over the non- 
perturbative parameters, namely the subleading effects. The second possibility 
is to use actual experimental informations on the Bd — ► 7r + 7r~ system in or- 
der to estimate our penguin parameter (r,9), using the S[/(3)-flavour-symmetry 
argument, on which we will focus in this section. 

(r', 9') would even allow the case r' > 1. 
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5.1 Determining (p,rj) from B s —> K + K and — ► n + 7T 

Since the 5 S — > K + K~ decay could be related to the i?^ — > 7r + 7r~ one, by 
interchanging at the quark-level the s-quark by the (i-quark, one can easily write 
in a similar way (jHJ and (JOJ) for the — > 7r + 7r~ channel. 

Using a notation similar to that in 0, we obtain in terms of the corresponding 
penguin parameters (r',8') [40,41]: 

2fj[p 2 + fj 2 - r' 2 - p(l - r' 2 ) + (p 2 + f] 2 - l)r' cos 9'] 
™~ ((1- p) 2 + rf)(p 2 + rf + r' 2 + 2r'p cos $') ' 1 j 

Similarly the relation between C n7T and (p, f/) reads: 

p z + r] z + r z + 2rp cos V 

The parameter p may thus be eliminated from S nn in (|33|). which can be solved 
for 77 to yield at the lowest order" in 6' [40,41] 



- . 1 ~\~ tSij-k v 1 S n7r , r /ocr\ 

V= 77— 2 x g 1 + r , 35 

(1 + T 2 )S^ 

which is the analogue to ()24j) for the B s — > K + K~ system. Since the decays 5^ — > 
7T + 7r^ and i? s — > K + K~ are related to each other by interchanging all strange 
and down quarks, the SU (3)-flavour-symmetry of strong interactions implies: 

r = r', (36) 
9 = 6'. (37) 

Assuming that the B®—B® mixing phase </> s is negligibly small, the weak strong 
phase dependence in fj and considering the 5'[/(3)-symmetry-breaking effects, one 
obtains from (|24|) and ([35)1: 

(T+t 1 ) h S K K-2t+Skkt 2 



J - 

2 ' 



L ' SU3 S kk -2t+S kk t 2 Sttit (1+r 2 ) 



where Csc/3 = Csc/3/e and: 



r 



(SU3 = - = 1 ± 0.3, (39) 



r 



represents our S't/(3)-symmetry-breaking estimate in relating the hadronic physics 
of our corresponding modes, namely B s — > K + K~ and — > 7r + 7r~. The rea- 
sonable value quoted in (|3~9Jl is chosen as an educated guess for our analyses. 



"As it has been noticed in [40,41], the sensitivity of r\ on the strong phase 6' is rather mild, 
and it enters only at the second order. 
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Figure 4 : The dependence of r' on Skk fixed through the CP-violating observ- 
ables SVtt and the SU "(3)- symmetry-breaking factor (su(3) = 1 ± 0.3. The band 
reflects the theoretical estimate on the SU {?>)- symmetry-breaking for the corre- 
sponding S n7T . In the left figure, the bands correspond, from bottom to top, to 
SVtt = —0.8,-0.5 and —0.1. However in the right one, from bottom to top, to 
= 0.1, 0.5 and 0.8. 



In Fig. HI we have plotted the dependence of r on Skk, for various mixing- 
induced CP violation observable S wn , using our S?7(3)-symmetry-breaking esti- 
mate defined in (|39|) . We observed that constraining our penguin parameter r' 
(and hence r) to be positive implies a positive value of Skk, in agreement with 
the result obtained recently by the CKMfitter Group in [32]. 

Above, we have presented the dependence of r on Skk, for various mixing- 
induced CP violation observable S nn , using our S , t/(3)-symmetry-breaking ef- 
fects, which could be helpful in estimating the penguin parameter r once the 
experimental measurements on B s — > K + K~ will become available. In the fol- 
lowing we shall investigate how useful information could we get from S n7T and fj 
in predicting Skk- For this task, it is convenient, using (J2"4~j) and (|33jl . to express 
fj in terms of Skk, S n7T and r, getting : 



(si/3 + 1 

n = T -_ 

Eq. ()40j) is very attractive, since it allows to extract the incoming information 
concerning the B s — > K + K~ system at the future hadron machines, using the 
actual .B-factories data on the B>d — > 7r + 7r~ mode. For that one has to make 
an important assumption based on the S , f/(3)-flavour-symmetry, to relate the 
corresponding penguin parameters in the two systems. In Fig. we present the 
dependence of f) as a function of Skk for various values of S nn . The bands reflect 
the theoretical estimate on the S'?7(3)-symmetry-breaking factor, (su(3) = 1 i 
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Figure 5: The dependence off] on Skk fixed through the CP-violating observables 
SVtt and the SU (3) -symmetry-breaking factor (su{3) = 1 ± 0.3. The bands reflect 
the theoretical estimate on the SU (3) -symmetry-breaking. In the left figure, the 
bands correspond, from bottom to top, to = —0.9, —0.7, —0.5, —0.3 and —0.1. 
However in the right one, from bottom to top, to = 0.1, 0.3, 0.5, 0.7 and 
0.9. The dashed lines delimit the actual ±lcx CKM Fit range on the fj [39]. 



0.3. We observe that the sensitivity to the dependence on the 5'[/(3)-symmetry- 
breaking factor is less pronounced, for Skk > 0.4. The reason for that could be 
easily understood from Eq.pO]). To this end, it is more adequate to rewrite (JJUJ), 
as a Taylor Expansion around its S"?7(3)-symmetry limit, namely Csucs) = 1, as : 



_ 1 + rSW-Vl-S 

v = — 



"2, 2 



(1 + r 2 )^ 
where the corresponding K{ coefficients are : 



[j> (C^3)-l) 4 + 0(0*7(3) -If], (41) 



= l + (42) 



1 - A 
4 



with : 

-2T+(l+T 2 )S yy 



l4"T Stvtt \J 1 Sjttt 

So far, we have just rewritten (|40j) in a comprehensible way to understand 
the S'?7(3)-symmetry-breaking dependence of fj, as shown in Fig. We notice 
that its dependence on the S'?7(3)-symmetry-breaking factor is rather mild in the 
region Skk > 0.4. This behavior is not accidental, but reflects implicitly the 
Ki coefficients behaviors in terms of the mixing- induced CP violation parameter 
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Figure 6: The dependence o/«o,i,2 on Skk for various values of S n7T . 

Skk- In fact, as shown in Fig. El the Ki = 0, 1, 2 coefficients have the same order 
of magnitude when Skk < 0.2, however this is not true anymore when Skk 
increases. In this case, we observe that the two coefficients —K\ and n?, decrease 
considerably between 0.2 < Skk < 0.4 until they tend to zero with Skk > 0.4. 
On the other hand, in the whole region Skk > 0.2, the coefficient k,q is the 
dominant one around a certain fixed value. Finally, we see that the insensitivity 
of fj on the S[/(3)-symmetry-breaking term in the region Skk > 0.4, is due 
mainly to the smallness of the two coefficients K\ and k 2) which tend to vanish 
in this region. 

5.2 Estimate of (su{3) m QCD Factorization 

The analyses described above require mainly theoretical input on the SU(3)- 
symmetry-breaking effects (su(3), which is badly established at present [42]. How- 
ever, several approaches have been employed to predict the S'?7(3)-symmetry- 
breaking to the ratio of the kaon and pion decay constants fx/ fn and/or to the 
ratio of B —>■ K and B —>■ n form factors. Most of these theoretical approaches 
rely on QCD sum rules, Quark Model and Lattice QCD, leading to a quantita- 
tive estimate of ~ 20% in the B —>■ P transition [43] (which has been updated 
in [44], leading to ~ 30%) and up to ~ 30% in the B —>■ V sector [45], reflecting 
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(m u + m d ) (2 GeV) 


}b (MeV) 


F^(0) 


(af, al) 


A B (MeV) 


(9.1 ±2.1) (MeV) 


180 ± 40 


0.28 ±0.05 


(0, 0.1 ±0.3) 


350 ±150 



Table 4-' Additional input to Table\^used in computing Csu^f 



our present poor knowledge on its estimation. Therefore, we have relied on its 
generic value, namely ~ 30%, to perform our analyses. To reinforce the validity 
of this approximation, it is important to test this estimation within the QCD fac- 
torization framework. This was already discussed in [46]. Our aim is to reanalyze 
this quantity within the context of our phenomenological analysis. 

In this approach, the S'?7(3)-symmetry-breaking effects do enter through dif- 
ferent quantities, such as the ratio of the kaon and pion decay constants fx/ fn, 



K 



vs. a- 



the ratio of F s ^ /F form factors, the Gegenbauer moments a i , ... .,, . 
the first inverse moments of the B- meson distribution amplitudes ttlb/Xb vs - 
itibJXbs and phenomenological parameters Xa and that enter power correc- 
tions to hard spectator scattering and weak annihilation effects. 

As far as these parameters are poorly established, it would be interesting to 
exhibit their effect on the S{7(3)-breaking term within our framework. In QCD 
factorization, the 5'L r (3)-symmetry-breaking term is defined as: 



>QCDF 
'5(7(3) 



a c 4 +r^a$+r A [b3+2b 4 ] 
ai +a\ +r« a% +r A +b z +2bi] 



a. c i +rla c 6 +r' A [b 3 +2b i ] 
a 1 +al+r^+r' A [b 1 +b 3 +2b A ] 



(45) 



In estimating this quantity, we have used the input parameters in Table El with 
the additional one, needed for B d — > tt + tt~ modes, given in Table EJ 

In Table [S] we show the value for Cgc/r^f from a calculation within the QCD 
factorization framework as described in [22]. We also display the uncertainties 
from various sources, distinguishing two classes. 

The first corresponds to the impact of all the input parameters in Table 
apart from those in the last column, reflecting the second class of uncertain- 
ties. These latter category exhibits the effects of hard spectator scattering and 
weak annihilation contributions, parametrized by phenomenological quantities 
(see Eq. (|T5jl ). on our S'f/(3)-breaking estimate within the QCD factorization 
framework. The default values have pA{H) — 0. Assuming the universality on 
the second class of uncertainties** and assigning an error of 100% on Xa(h) i n 
()15|). by allowing for arbitrary phases 4>a{h) an d taking pA(H) between and 1, 
implies the dominance of the annihilation contributions and the Gegenbauer mo- 
ments of the kaon meson wave function among the remaining input parameters, 
as shown in Table Adding the errors in quadrature, one obtains 



namely p\ {H) = p\ {H) = p A[H) and 



b A(H) 



J A(H) 
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>QCDF 
^SU(3) 


fi 


m q 


m c 


/ B a[d] 


jps[d\ 
r 


K[w\ 


\b 


(p, 4>)h\a\ 


1.03 


±1.5 
xl0~ 3 


±3 
xl0~ 3 


±5 
xlO" 3 


±0.02 
±0.03 


±0.02 
[±0.02] 


±0.05 
[±0.03] 


±1 

xlO" 3 


±0.001 
[±0.06] 



Table 5: The QCD factorization predictions for Cgt/Sf an d its uncertainties. 
The labels m q and denote respectively m s , m u + and F c f s[dl 

Csa(3) F = L03 ± °- 07 ± °- 06 > ( 46 ) 

where the first (second) errors are from the first (second) class of uncertainties. 
Combining both in quadrature we finally get: 

(SU(3) = L03 ± °- 09 - ( 47 ) 

In the case of non-universality of hard spectator scattering and weak anni- 
hilations terms^, we pick the corresponding Xa,h value for the pion mode and 
allow the corresponding parameters to vary by ±30% for the kaon mode. We find 
that the S'[/(3)-breaking effect on the ratio of penguin amplitudes (jjHj) can be 
large up to 30% in magnitude, with a complete dominance from the annihilation 
contributions. We conclude that Csu(3) * s a ^ P resen t poorly determined by QCD 
Factorization. Therefore to get control over its estimate, a better understanding 
of the weak annihilation part is in order. 



6 Conclusions 

We have investigated the impact of the forthcoming measurements of the time- 
dependent CP asymmetry parameters, namely Skk and Ckk in B s — > K + K~ 
decays, on the extraction of weak phases, which will soon become accessible at 
hadron machines, namely Tevatron Run-II, BTeV and LHC-b. We shall conclude 
by summarizing our main results as follows. 

An efficient use of mixing-induced CP violation in B s — > K + K~ decays, mea- 
sured by Skk, can be made by combining it with the corresponding observable 
from B>d —>■ J/ipKs, namely sin 2(3, the B° s -B® mixing phase (f) s and the hadronic 
penguin parameters (r, 9) in extracting the CKM parameters p and fj. Looking 
more closely, to their dependences on hadronic parameters, it turns out that the 
sensitivity of fj on the strong phase 9 is very weak, which is entering in fj at second 
order, implying a negligible effect for its moderate values. Consequently a simple 
determination of the UT from r and Skk is possible since the dependence of fj 
on r is proportional to an overall factor (f — 1). 

Moreover, if the B®-B® mixing phase 0^ = 2(3 is fixed through B^ — > J/ipKg, 
then possible CP- violating NP contributions to B° s -B° s mixing may shift the 

ttWe mean here that p^ {H) ^ p\ (H) and 4>% (H) ^ V A(H y 
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range for the mixing-induced CP violation observable Skk (but not Ckk) sig- 
nificantly. To illustrate this scenario, we have presented contour plots, allowing 
us to distinguish between the SM and NP scenario. In this case, NP signal in 
the B Q S -B® mixing would be provided by a sizeable contribution either from the 
angular distribution analysis of B s — > J/ip<p and B s — > D* s + D* s ~ decays or from 
the CP- violating asymmetries in B s — > J/ij)rft' and B s — > DfD~ systems. In 
addition to Skk, a complementary information from the direct CP violation pa- 
rameter Ckk are investigated. Although its dependence on hadronic input is 
more pronounced than for Skk, it constraints significantly the dynamical quan- 
tities r and 9. Interestingly, we find for the conservative bound r m 0.15 a strong 
constraint on C > —0.26 could be obtained, independently on the strong phase 
9. 

As an input to the phenomenological discussion we also studied the calculation 
of the penguin parameters r and 9 in QCD. We have analyzed r and 9 within QCD 
factorization with a particular view on theoretical uncertainties implying a large 
uncertainty due to the unknown annihilation contributions. An alternative way to 
explore these penguin parameters is using the plausible assumption based on the 
S[/(3)-flavour-symmetry of strong interactions. Thus, one can complement the 
CP- violating observables of B s — > K + K~ in a variety of ways with the current 
P-factories data provided by Bd — > tt + tt~ channels. Interestingly, we show that 
the dependence of r on Skk fixed through the CP-violating observables S nn and 
the S'f/(3)-symmetry-breaking factor Csu(3) = 1 ± 0.3, implies a positive value 
of Skk (see Fig. HJ). Moreover, the sensitivity on the S'?7(3)-symmetry-breaking 
factor (su(3) in determining fj as function of Skk, fixed through the CP-violating 
observable S' 7rvr , is found rather mild for Skk > 0.4. To reinforce the validity of 
our approximation, we have analyzed the 5"?7(3)-symmetry-breaking factor (su(3) 
within QCD factorization with a particular view on theoretical uncertainties. 
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